We develop diagnostic tools that would provide incontrovertible evidence for the presence of more than one Higgs boson near 125 GeV in the LHC data.
The LHC also probes V * → V H (V = W or Z) with H → bb, channels for which Tevatron data is relevant, and VBF → H with H → τ + τ − . Let us employ the notation h i for the i th scalar Higgs, h SM for the SM Higgs boson and C hi S = g Shi /g ShSM is the ratio of the Sh i coupling to the Sh SM coupling, where S = γγ, gg, W W, ZZ, bb, τ + τ − are the cases of interest. The ratio of the gg or VBF induced h i cross section times BR(h i → X), relative to the corresponding value for the SM Higgs boson, takes the form
where the latter result assumes the custodial symmetry relation C However, if custodial symmetry is broken there are many more independent R hi 's.
1
In this letter we consider the case where there are two nearly degenerate Higgs bosons for which we must combine their signals. The net signal and the effective Higgs mass, respectively, for given production and final decay channels Y and X, respectively, are computed as
Of course, the extent to which it is appropriate to combine the rates from the h 1 and h 2 depends upon the degree of degeneracy and the experimental resolution, estimated to be of order σ res ∼ 1.5 GeV [7] . It should be noted that the widths of the h 1 and h 2 are of the same order of magnitude as the width of a 125 GeV SM Higgs boson (a few MeV), i.e. very much smaller than this resolution.
2
As already noted, in the context of any doublets plus singlets model not all the R hi 's are independent; the relations among the R hi 's were noted above. In supersymmetric two-doublet plus singlets models we have in addition
A complete independent set of R h 's can be taken to be:
Let us now look in more detail at a given R h Y (X). It takes the form
where C hi X for X = γγ, W W, ZZ, . . . is the ratio of the h i X to h SM X coupling, as defined above Eq. (1), and C hi Γ is the ratio of the total width of the h i to the SM Higgs total width. The diagnostic tools that we propose to reveal the existence of a second, quasi-degenerate (but non-interfering in the small width approximation) Higgs state are the double ratios:
each of which should be unity if only a single Higgs boson is present but, due to the non-factorizing nature of the sum in Eq. (4), are generally expected to deviate from 1 if two (or more) Higgs bosons are contributing to the net h signals. This occurs because the h 1 and h 2 will in general have different relative production rates in the VBF and gg fusion channels for one or more final states. One can check that in a doublets+singlets model all other double ratios that are equal to unity for single Higgs exchange are not independent of the above three. Of course, the above three double ratios are not all independent. Which will be most useful depends upon the precision with which the R h 's for different initial/final states can be measured. For example, measurements of R h for the bb final state may continue to be somewhat imprecise and it is then double ratio II) that might prove most discriminating. Or, it could be that one of the double ratios deviates from unity by a much larger amount than the others, in which case it might be most discriminating even if the R h 's involved are not measured with great precision.
1 For example, in the Higgs-radion mixing model, R
Note that this is not an assumption. The fact that a SM-like Higgs signal in the γγ and ZZ modes is even visible at the LHC tells us that the widths of any contributing Higgs boson must be very small, at most of order a few MeV as for the SM Higgs. Interference effects are negligible in this case unless one has extreme degeneracy of the two states. Our NMSSM scan points generally have m h 2 − m h 1 > 50 MeV for which interference effects are at most a fraction of a percent. 3 In other models, more (or fewer) R h 's could be independent and more (or fewer) double ratios compared to those defined below could be useful/independent. In the Higgs-radion mixing model custodial symmetry is violated, leading to more independent R h 's. For example,
To explore how powerful these double ratios are in practice, we turn to the NMSSM scenarios with semi-unified GUT scale soft-SUSY-breaking sampled in [5] . 4 These scenarios obey all experimental constraints (including Ωh 2 < 0.136 and 2011 XENON100 limits on the spin-independent scattering cross section) except that the SUSY contribution to the anomalous magnetic moment of the muon, δa µ , is too small to explain the discrepancy between the observed value a µ and that predicted by the SM. For a full discussion of the kind of NMSSM model employed see also [8, 9] .
In Fig. 1 , we plot the numerator versus the denominator of the double ratios I) and II), III) being very like I) due to the correlation between the R h gg (γγ) and R h gg (W W ) values discussed in [5] . We observe that any one of these double ratios will often, but not always, deviate from unity (the diagonal dashed line in the figure). The probability of such deviation increases dramatically if we require (as apparently preferred by LHC data) R h gg (γγ) > 1, see the solid (vs. open) symbols of Fig. 1 . This is further elucidated in Fig. 2 where we display the double ratios I) and II) as functions of R h gg (γγ) (left plots). For the NMSSM, it seems that the double ratio I) provides the greatest discrimination between degenerate vs. non-degenerate scenarios with values very substantially different from unity (the dashed line) for the majority of the degenerate NMSSM scenarios explored in [5] that have enhanced γγ rates. Note in particular that I), being sensitive to the bb final state, singles out degenerate Higgs scenarios even when one or the other of h 1 or h 2 dominates the gg → γγ rate, see the top right plot of Fig. 2 . In comparison, double ratio II) is most useful for scenarios with R h gg (γγ) ∼ 1, as illustrated by the bottom left plot of Fig. 2 . Thus, as illustrated by the bottom right plot of Fig. 2 , the greatest discriminating power is clearly obtained by measuring both double ratios. In fact, a close examination reveals that there are no points for which both double ratios are exactly 1! 5 Of course, experimental errors may lead to a region containing a certain number of points in which both double ratios are merely consistent with 1 within the errors. What does current LHC data say about these various double ratios? The central values and 1σ error bars 6 for the numerator and denominator of double ratios I) and II) obtained from CMS data [11] are also shown in Fig. 1 . Obviously, current statistics are inadequate to discriminate whether or not the double ratios deviate from unity. For a √ s = 14 TeV run with L = 100 fb −1 (300 fb −1 ) of accumulated luminosity the SM Higgs cross sections at the relevant energies imply that the number of Higgs events will be about a factor of 25 (77) larger than the number produced for
TeV plus L ∼ 6 fb −1 at √ s = 8 TeV (as used in computing the error bars shown in Fig. 1 ). Using statistical scaling only that means the error bars plotted in Fig. 1 should be reduced by roughly a factor of 5
4 By "semi-unified" we mean universal gaugino mass parameter m 1/2 , scalar (sfermion) mass parameter m 0 , and trilinear coupling
and m 2 S as well as A λ and Aκ are taken as non-universal at M GUT . 5 We have quantitatively evaluaed the diagnostic power of the double ratios of Eq. (5) in the Higgs-radion mixing model and again find that they deviate by substantial, often large amounts relative to unity. In addition, there are other double ratios (see footnote 3) that also have similar discriminating power as well as the ability to detect the custodial symmetry violation implicit in the Higgs-radion mixing model. Details will be presented in [10] . 6 For the ratio R i /R j , we use σ upp,low = (9), levels that could indeed reveal a deviation from unity, or at least remove some model points if no deviation within that error is seen. Of course improvements in the experimental analyses may further increase the sensitivity. We thus conclude that our diagnostic tools will ultimately prove viable and perhaps crucial for determining if the ∼ 125 GeV Higgs signal is really only due to a single Higgs-like resonance or if two resonances are contributing, the latter having significant probability in model contexts if enhanced γγ rates are indeed confirmed at higher statistics.
To summarize, we have emphasized the possibility that a γγ Higgs-like signal that is significantly enhanced relative to the SM could arise as a result of there being two fairly degenerate Higgs bosons near 125 GeV. This situation arises in several model contexts in which the degeneracy can be such that separate mass peaks could not be observed in even the high-resolution γγ and ZZ → 4 final states. We have shown that deviations from unity of certain double ratios of event rates have strong potential for revealing the presence of two (or more) nearly degenerate Higgs bosons within the 125 GeV LHC signal. Such deviations arise when both the quasi-degenerate Higgses contribute significantly to at least one production/decay channel. We have employed the NMSSM as a prototype model to illustrate the discriminating power of these double ratios in the case of a doublets-plus-singlets Higgs model. We have also noted that the diagnostic power of the double ratios discussed in this letter is at least as great in the brane model with Higgs-radion mixing and, in addition, there are more double ratios that can be defined as a result of the sometimes substantial violation of custodial symmetry in the latter type of model. Of course, substantial statistics will be required to reveal the deviations from unity that would signal a degenerate scenario.
